Two identical stimuli, such as a pair of electrical shocks to the skin, are readily perceived as two separate events in time provided the interval between them is sufficiently long. However, as they are presented progressively closer together, there comes a point when the two separate stimuli are perceived as a single stimulus. Damage to posterior parietal cortex, peri-supplementary motor area (peri-SMA), and basal ganglia can disturb this form of temporal discrimination. Our aim was to establish, in healthy subjects, the brain areas that are involved in this process. During functional magnetic resonance imaging scanning, paired electrical pulses, separated by variable interstimulus intervals (5-110 msec), were delivered to different sites on one forearm (8 -64 mm from the midline). Subjects were required to simply detect the stimulus (control task) or to identify a stimulus property. For temporal discrimination (TD), subjects reported whether they felt one or two stimuli. For spatial discrimination, they reported whether the stimuli were located on the right or left side of the forearm. Subjects reported their choice by pressing a button with the opposite hand. Our results showed that discrimination, as opposed to simply detection, activated several brain areas. Most were common to both discrimination tasks. These included regions of prefrontal cortex, right postcentral gyrus and inferior parietal lobule, basal ganglia, and cerebellum. However, activation of pre-SMA and anterior cingulate was found to be specific to the TD task. This suggests that these two frontal regions may play a role in the temporal processing of somatosensory events.
Introduction
In the somatosensory domain, most healthy subjects are able to perceive two stimuli as being sequential when the inter-stimulus interval (ISI) exceeds ϳ30 -50 msec. Damage to specific regions of the brain can compromise performance of this task. For instance, the inter-stimulus interval required for the discrimination is increased in patients with focal lesions that do not cause overt sensory impairment, such as in the supplementary motor area (SMA), posterior parietal cortex, and basal ganglia (Lacruz et al., 1991) . Similarly, raised thresholds have been found in patients with basal ganglia disorders, including Parkinson's disease and dystonia (Sanger et al., 2001; Tinazzi et al., 2002) . In Parkinson's disease, discrimination threshold is related to the severity of the disease and is reduced by dopaminergic treatment. In these patients, the raised threshold is unlikely to be attributable to a failure of sensory transmission, because median nerve and cortical somatosensory evoked potential recovery curves after double electrical stimulation are normal . The perception of two stimuli as being either sequential or temporally coincident is thought to involve brain processes concerned with timing function (Nichelli, 1993) . Therefore, raised discrimination thresholds may represent a deficit in the temporal processing of normal sensory input.
Except for postlesional studies, the location of brain areas involved in this temporal discrimination (TD) has not been explored. To characterize the functional anatomy, we used functional magnetic resonance imaging (fMRI) while subjects performed a TD task. A comparison of the fMRI activation pattern during discrimination with that during simple detection (using identical stimuli and motor responses) should disclose brain regions involved in this form of TD. However, within this net activation pattern, it would not be possible to distinguish nonspecific processes, such as those associated with the attentional demands of the task, from the specific processes involved in TD. Therefore, we used a third task in which subjects were required to perform an equally demanding discrimination task but one directed toward a spatial attribute of the stimulus [spatial discrimination (SD) ].
Because all three tasks used identical stimulus sets and motor responses, comparing the two discrimination tasks (TD and SD) with the simple detection task (control) should indicate brain regions responsible for the analysis of somatosensory input (over and above primary sensory detection and response). More interestingly, direct comparison of the two discrimination tasks should highlight brain areas involved specifically in TD. Note that, unlike other temporal discrimination tasks (e.g., estimation of duration) that have been used to study the functional anatomy of temporal processes, our task does not rely on comparing the test stimulus with a previously presented reference stimulus. Instead, it requires the judgment of an absolute temporal aspect of the sensory input. This minimizes the involvement of memory processes.
Materials and Methods

Subjects
Fourteen right-handed healthy volunteers (mean age, 28.9; SD, 5.1) were studied with approval from the Institute of Neurology and National Hospital for Neurology and Neurosurgery Joint Ethics Committee (University College of London Hospital Trust). Subjects also gave informed written consent after explanation of the experimental procedure. Before fMRI, subjects were first tested psychophysically to obtain individual discrimination thresholds.
Stimuli
Stimuli were delivered using an array of 16 pairs of electrodes embedded in a rubber sheet. The sheet was strapped around the left forearm and centered on the skin of the flexor middle third to enable stimulation of multiple sites with reference to anatomical cubital and radial landmarks. Eight pairs of electrodes were situated on the left and another eight pairs on the right (see Fig. 1a for electrode spacing). The tactile stimuli were generated by a computer-controlled electric stimulator specifically built for this purpose. A personal computer (PC) specified the intensity, timing, and location of each stimulus. The computer also controlled the randomization procedure and collected the button press response events. During fMRI scanning, this PC was controlled by another PC, which controlled the visual display information and synchronized stimuli with the scanner (Cogent 2000 software; developed by the Cogent 2000 team, Functional Imaging Laboratory and Institute of Cognitive Neuroscience, Wellcome Department of Imaging Neuroscience). Stimulation comprised a pair of electric pulses of 0.2 msec duration separated by various ISIs. The intensity of each pulse was set at twice the threshold intensity (determined separately for each electrode pair for each subject) and was felt as a brief, but not painful, tap.
Psychophysical study Discrimination tasks
Temporal discrimination. A random series of paired stimuli with ISIs between 5 and 140 msec was presented at a single location on the forearm. In each trial, subjects reported whether they felt one stimulus or a pair of distinct pulses. The response was a button press with the right hand on either the top or bottom key. Subjects were required to respond as fast as possible but maintain maximal accuracy. The stimulus-response association (one-two stimuli and top-bottom key) was counterbalanced across subjects.
Spatial discrimination. Pairs of stimuli (both at the same location) were presented randomly at each of the 16 electrode positions. In each trial, subjects discriminated the stimulus position as located to the left or right of an imaginary longitudinal midline through the flexor surface of the forearm. Subjects reported the perceived position with a button press, using the index finger of the right hand. Therefore, both the stimuli and responses were matched for the two discrimination tasks. To minimize stimulus-response compatibility effects, the two response buttons were placed in a "top versus bottom" configuration (i.e., orthogonal to the "left vs right" sensory judgment). The stimulus-response association (left-right stimulus and top-bottom key) was counterbalanced across subjects.
Consistency index
To index the influence of task difficulty associated with the presentation of stimuli at any given interval (TD) or any given location (SD), we introduced a measure of response consistency (consistency index) on the basis of the variability of the responses for each ISI (TD) or electrode position (SD). The following formula was used.
Consistency ϭ abs (r1 Ϫ r2)/(r1 ϩ r2), with r1 and r2 corresponding to the two types of responses (one and two for the temporal discrimination; left and right for the spatial discrimination). The consistency index equals unity if the subject always produces the same response for a given stimulus type. The index equals zero if the subject responds completely at chance (50% for each response type).
fMRI study
Experimental design. We used a factorial design that manipulated orthogonally the type of somatosensory discrimination (TD vs SD) and the consistency index of the task (high-vs low-response consistency).
Stimuli and tasks. For the fMRI scanning session, to reduce the total number of possible stimuli, we used essentially the same procedure as for the psychophysical study but selected only four electrode positions and four ISIs. Two were chosen in the "definite" regions (high consistency) and two in the "penumbra" regions for each subject (low consistency) (see Fig. 1b,c) . The factorial combination of the four electrode positions by four time intervals gave a total of 16 possible stimulus types. Because only one stimulus attribute (either spatial or temporal) was judged at any time, these 16 stimulus types were collapsed to obtain eight experimental conditions: four conditions of spatial discrimination (two configurations with high-response consistency and two with low-response consistency), and four conditions of temporal discrimination (two configurations with high-response consistency and two with low-response consistency).
The same 16 stimulus types were used for TD, SD, and a control (C) task that involved simple detection of stimuli. For the control task, the subject was required to press a button as soon as a stimulus was detected, regardless of its location or ISI. Alternate buttons were pressed on successive presentations. Therefore, the control task used the same sensory stimulation as the two discrimination tasks, and the motor responses were well matched.
Scanning procedure. Each subject underwent three fMRI scanning runs. During each run, the two discrimination tasks (TD and SD) were presented in blocks of 40 sec. Each block consisted of eight trials, with the four trial types (two high-consistency and two low-consistency conditions) intermingled in a nonpredictable pseudorandom sequence. The inter-trial interval was 4 sec. The control blocks lasted for 20 sec (four trials) and were presented between each discrimination block, leading to an alternating sequence: 4C-8TD-4C-8SD-4C-8TD-4C-8SD and so on. Over the three runs, each subject was presented with 144 trials for each discrimination condition (72 of which were associated with highconsistency responses, and 72 with low consistency) plus 144 trials for the simple detection control condition.
Throughout the experiment, a central fixation cross was displayed in front of the subject. The color of this fixation cross served to specify the current task. The association between the color of the fixation cross (red, green, or blue) and tactile task was arbitrary and was counterbalanced across subjects. For every change of task, an interval of 4 sec preceded the delivery of the first trial. This allowed for task switching. Subjects were required to maintain central fixation throughout each scanning run, and this was monitored with an eye-tracking device.
Data acquisition. Imaging was performed using a 2 tesla scanner (Siemens Vision, Erlagen, Germany) equipped with a head volume coil. The functional images sensitive to blood oxygenation level-dependent contrast were acquired by T2*-weighted echoplanar imaging. Each functional image comprised 48 transverse slices [2 mm thickness; 1.8 mm gap; 64 ϫ 64, 3 ϫ 3 mm pixels; echo time (TE) ϭ 40 msec] covering the whole brain volume. A total of 190 sequential volumes was acquired per run with an effective repetition time (TR) of 3.65 sec. There were three scanning runs of 11.5 min. To avoid systematic relationships between slice acquisition and stimulus presentation, the stimulus onset was randomly jittered with respect to the beginning of each volume acquisition.
fMRI analysis. We used Statistical Parametric Mapping (SPM)99 software for image processing and analysis (http://www.fil.ion.ucl.ac.uk/ spm/spm99.html). For each subject and run, the first four volumes were discarded to allow for T1 equilibration. The remaining 558 volumes were realigned to the first image, sinc-interpolated over time to correct for phase advance during volume acquisition, and normalized to the Montreal Neurological Institute reference brain. The data were spatially smoothed with a Gaussian Kernel (10 mm full-width at half-maximum).
We used a two-level analysis procedure for statistical inference at a random effect level (i.e., all effects tested against the between-subjects variance). In the first level analysis (fixed effects), the time series of each subject was analyzed separately. For each subject, the eight event types (i.e., two types of discrimination by 2 ϫ 2 levels of response consistency) were modeled using the appropriate stimulus function convoluted with a canonical hemodynamic response function (HRF). In addition, events occurring during the detection control task were randomly divided into two groups and again modeled using the standard HRF (df ϭ 528).
For each single-subject model, we estimated contrasts of interest that were then assessed in the second level analysis (random effects) using a onesample t test across the 14 subjects (df ϭ 13). Our study aimed to describe effects that are consistent across subjects. Inter-subject variability, in the context of our random effect analyses, will determine the size of SE.
We performed two main comparisons. First, we tested for the overall effect of discrimination (TD and SD) versus control (simple detection). This contrast highlights brain areas involved in both types of discrimination, regardless of electrode position and ISIs (i.e., common to definite and penumbra trials). Given the large number of voxel tested, we assessed statistical significance using the false discovery rate (FDR) approach, at p corrected ϭ 0.05 (Genovese et al., 2002) .
The second comparison addressed the main aim of the present study, which was to investigate neural systems specifically involved in one or the other tactile discrimination task. To assess this, we compared brain activity during TD versus SD, and vice versa. To test the hypothesis that peri-SMA areas, the basal ganglia, and inferior parietal cortex may participate in temporal discrimination, we selected the maximum significant voxels of activation in these areas in the first contrast (discrimination vs control) to obtain the centroid for a small volume correction (corrected threshold of p ϭ 0.05) in the contrast TD versus SD. It is important to note that these contrasts are orthogonal. In other words, the identification of areas involved in both types of discrimination compared with the control task does not bias toward differences in activation between temporal and spatial discrimination. Because there was no interaction between discrimination types and ISI-electrode configurations, we pooled across ISI-electrode configurations.
We report the anatomical location, t, Z, and P values and Talairach coordinates for the voxel showing maximal statistical significance within activated clusters. For each activated area, we report the level of activity during each of the eight active conditions (four TD, four SD) compared with the two control conditions (see Figs. 3, 4, 5) .
Results
Behavioral data
Before scanning, we estimated the individual thresholds for TD and SD. Fig 1 shows the results of this psychophysical procedure for one representative subject. Fig 1b  shows the percentage of left responses for each of the 16 possible stimulus positions. As stimulus location moves from left (electrode 16) to right (electrode 1), the percentage of left responses decreases. For electrodes around the midline (i.e., electrodes 7-10, for this subject), responses were less consistent (penumbra). Similar behavior was observed for the TD task. At short ISIs (i.e., 5-30 msec in this subject), the subject consistently reported the perception of a single pulse, whereas at long ISIs (Ͼ100 msec), two pulses were reliably reported (definite). For ISIs ranging between 35 and 100 msec, the subject was less consistent (penumbra).
For scanning, we selected four electrode positions and four ISIs. Two were chosen in the definite domain and two in the penumbra regions for each subject (for this subject, see filled symbols in Fig. 1, b and c) . We quantified each subject's responses during fMRI in two ways: first by devising a consistency index on the basis of the variability of the responses (see Materials and Methods) and second by measuring reaction times.
The consistency index equals unity if the subject always produces the same response for a given stimulus type and zero if the subject responds completely at chance (50% for each response type). The mean consistency indices across the 14 subjects are shown in Figure 2 . A two-factor ANOVA [with discrimination task and stimulus configuration (ISIs or electrode position) as independent factors] revealed the expected main effect of stimulus configuration (F ϭ 11.8; p ϭ 0.004), with higher consistency for ISIs-electrodes in the definite compared with penumbra regions. There was no effect of discrimination task (F ϭ 0.26; p ϭ 0.62) and no interaction between the factors (F ϭ 0.65; p ϭ 0.43).
The mean reaction times were analyzed similarly. There was no significant main effect of discrimination task [mean (SEM): TD ϭ 919 (19) msec; SD ϭ 880 (31) msec; F ϭ 3.898; p ϭ 0.096]. In addition, there was neither an effect of stimulus configuration (F ϭ 3.944; p ϭ 0.094) nor an interaction between the two factors (F ϭ 3.231; p ϭ 0.123).
These data indicate that during fMRI scanning, the tasks were well matched and brain activity during the two discrimination tasks can be compared, without behavioral confound. Moreover, the lack of significant main effect of task in the reaction time data suggests that the subjects did not switch strategy between the two discrimination tasks (for example, by responding to the first stimulus during the SD task while waiting for the second in the TD task).
fMRI results
The analysis of fMRI data had two main aims: (1) to highlight brain areas involved in both types of tactile discrimination, over and above simple tactile detection and response, and (2) to investigate possible differences between the two types of tactile discrimination, with a specific interest in areas selectively activated during TD.
Discrimination versus control
Common areas activated by both types of discrimination versus control were located in cortical and subcortical regions, including the cerebellum (supplemental Table 1 ; available at www.jneurosci. org). Cortical activations were found in the right postcentral gyrus, inferior parietal lobule, middle and inferior frontal gyri, right insula in its anterior aspect, and right anterior cingulate. Subcortical clusters were observed in regions of the thalamus, head of caudate, and red nuclei-subthalamic nuclei (STN), whereas the cerebellar activation included the vermis and crus II bilaterally. Figures 3 and 4 show the anatomical location and pattern of activity for several of these regions. They indicate the regions activated, regardless of discrimination task and stimulus condition. The parameter estimates in Figures 3 and 4 show activity during each discrimination task relative to activity during the control task. Zero represents the level of activity during the control task, and the bars represent deviations from control values in terms of the SE (t value).
None of the regions reported here showed a main effect of either discrimination task or stimulus condition, or an interaction between these two factors. Thus, the results suggest that a common network was activated for tactile discrimination, regardless of which attribute was being discriminated or response consistency.
Main effect of discrimination
To investigate the brain areas specifically involved in TD relative to SD, we compared directly the activity during the two discrimination tasks. First, we compared TD versus SD. This showed increased activity in the medial aspect of the superior frontal gyrus in the region of pre-SMA, with a peak of maximal activity located in the right hemisphere (Fig. 5 ) (supplemental Table 2 ; available at www.jneurosci.org). The anterior cingulate was also activated, again with a peak located in the right hemisphere. Figure 5 shows the location and pattern of activity for the two clusters in the medial frontal lobe. The parameter estimates in Figure  5 illustrate that in these two areas, activity increased above control values only during the TD (first four bars from the left, in each plot). In these areas, there were no significant effects of stimulus configuration or interaction between discrimination and stimulus configuration. Thus, these areas appear to be engaged specifically during the analysis of temporal aspects of the somatosensory input, regardless of response consistency.
The reverse comparison (i.e., SD vs TD) revealed some activation of right superior parietal cortex and the precuneus, but these clusters did not survive our strict criteria for statistical significance (x, y, z Talairach coordinates ϭ 2, Ϫ60, 64; t ϭ 6.06; z ϭ 4.11; p uncorrected ϭ 0.0001; x, y, z Talairach coordinates ϭ 0, Ϫ62, 54; t ϭ 5.90; z ϭ 4.04; p uncorrected ϭ 0.0001, respectively) and are reported here only as trends. Finally, no brain region showed significant interaction between type of discrimination and stimulus configuration, suggesting that the regions involved in the analysis of specific somatosensory attributes (temporal or spatial) are not directly affected by the consistency of the percept associated with a particular attribute.
Discussion
We identified regions in the brain that respond selectively when discriminating specific attributes of a somatosensory stimulus as opposed to simply registering its presence. Furthermore, our results suggest that specialized networks are recruited for processing temporal attributes.
Areas activated by both discrimination tasks
When subjects were required to make judgments about the specific properties of a somatosensory stimulus, a number of cortical and subcortical regions was activated more than during a detection task. At the cortical level, these included the inferior parietal lobule, middle and inferior frontal gyri, anterior portion of the right insula, and right anterior cingulate gyrus. This pattern of activation can be mostly explained on the basis of the engagement of working memory centers (Maquet et al., 1996) and the frontoparietal network that allocates general attentional resources (Posner and Petersen, 1990; Klingberg et al., 1997) . The posterior inferior frontal gyri have previously been found to be involved in selective attention to touch (Hagen et al., 2002) .
Within somatosensory regions, we found modulation of the parietal operculum bilaterally, corresponding to the secondary somatosensory cortex (S2), and the inferior right postcentral gyrus contralateral to the stimulated arm. Presumably, the process of discrimination did not affect the primary somatosensory region of the forearm (S1), which should be located more dorsally. The finding of activation in S2 may relate to attentional modulation of the sensory input (Roland, 1981 (Roland, , 1982 Meyer et al., 1991; Drevets et al., 1995) , an effect that in discrimination tasks is typically more pronounced in S2 than S1 (Burton et al., 1999) . Similar effects have been observed at the single neuron level in primates. A change in synchronization and an 80% modulation of firing rate of neurons in S2 has been described in tactile shape discrimination tasks of varying difficulty (Steinmetz et al., 2000) . During discrimination of a pair of vibrotactile stimuli, modulations in firing during the second stimulus were recorded in S2 but not in S1, indicating its participation in the discrimination processes (Romo et al., 2002) .
At a subcortical level, the basal ganglia were activated during On the x-axis are different ISI-electrode configurations, with short ISI (TD task) and leftward electrodes (SD task) plotted on the left of this graph (note that the exact ISI values and electrode position will vary for each subject, because these were determined individually). As expected, responses to electrode positions-intervals in the penumbra (gray shading) were less consistent than responses to limit-range conditions. Behaviorally, there was no significant effect of task or interaction between task and consistency.
both discrimination tasks. The areas included bilateral activation of the head of caudate, substantia Nigra, and STN. The latter are especially relevant, because they exert their effects on most components of the basal ganglia and their output centers (Smith et al., 1990; Parent and Hazrati, 1995; Middleton and Strick, 2002) . The strong activation of the cerebellum by both discrimination tasks, compared with stimuli detection with the same motor response, may reflect its role in optimizing perception of sensory inputs through interactions with the cerebral cortex (Bower, 1997; Middleton and Strick, 2001) . The major bulk of cortical input to the cerebellum (via pons) comes from S1, followed by S2 and parietal areas 5 and 7. The cerebellar clusters were located in the vermis, medial hemispheres lobule IV, VIIB, and VIIIA, and dentate nuclei symmetrically. These areas are in the neighborhood of the somatotopically distributed cerebellar tactile areas that are activated in roughness discrimination tasks (Parsons et al., 1997) . The red nuclei, which were activated by TD and SD, also are activated in roughness discrimination tasks (Liu et al., 2000) .
Areas specific to temporal discrimination
No significant activation was found for the spatial task, which may have been attributable to the strict statistical criterion that was adopted. However, several areas of the brain were specifically activated during the temporal discrimination task when contrasted with the spatial task. These were located in the frontal cortex bilaterally, specifically pre-SMA and anterior cingulate gyri. For both tasks, we used identical stimuli sets and motor responses. Moreover, the behavioral results reflected similar reaction times and no difference in the consistency indices. Therefore, the differential activation pattern is likely to reflect the specific processing of temporal attributes of the somatosensory input.
Several imaging studies have shown participation of the SMA in other timing tasks such as visual or auditory rhythm discrimination (Schubotz et al., 2000) and duration discrimination (Pouthas et al., 2000; Rao et al., 2001; Ferrandez et al., 2003) . This is close to but not coincident with the main area of activation during our temporal discrimination task, which was more anterior in the pre-SMA. This discrepancy may reflect the different timing processes or the different magnitude of time intervals investigated in these studies. The encoding of the duration of a time interval in the range of hundreds of milliseconds could differ from the detection of a gap between stimuli separated by a time interval in the tens of milliseconds range. It could also be related to differences in the sensory modality explored with somaesthetic inputs having the closest relationship to pre-SMA. However, with tactile stimuli, Macar et al. (2002) found participation of the SMA in a duration estimation and reproduction experiment. In this case, the subject was required to make an accurately timed motor response. It is possible that SMA involvement reflected preparation for this timed movement because SMA activation is known to relate to the temporal complexity of movement preparation (Grafton et al., 1992) . Rao et al. (2001) found activation of prefrontal areas, which included pre-SMA and anterior cingulate, in duration and pitch discrimination tasks. However, in contrast to our results, these prefrontal areas were activated by both tasks. This difference needs additional investigation but it could relate to the fact that their tasks required more extensive encoding of stimuli and presumably a greater reliance on working memory. This extra processing might have masked the specific activation of pre-SMA for the temporal task.
Pre-SMA is considered part of the prefrontal cortex (Inase et al., 1999) because of its extensive connections with most prefrontal areas (46, 8A, 9, 10, 11, 12, and 13) . It not only receives basal ganglia inputs via the VApc and VLcr but also cerebellar input via the VLcc and MDpl of the thalamus, and sends direct inputs to the striatum and subthalamic nuclei (Inase et al., 1996 (Inase et al., , 1999 . Pre-SMA, strongly connected with SMA, is known to be involved in inter-hemispheric interactions (Liu et al., 2002) and in early phases of motor preparation and planning (Fujii et al., 2002) . Others have suggested that pre-SMA plays an integrative role, for example, by relating external and motivational factors to movement initiation (Rizzolatti and Luppino, 2001) or by encoding differences between sensory stimuli and providing a link between perception and motor action (Hernandez et al., 2002) . Pre-SMA has been shown to serve a timing function being activated by timed sequential movements (Ramnani and Passingham, 2001) . Our findings are compatible with this idea of a timing function. One possibility is that pre-SMA, at least in the somatosensory realm, plays a role in the tagging of temporal attributes for subsequent processing by SMA and other brain regions. This hypothesis does not imply that pre-SMA plus anterior cingulate are the only areas involved in temporal processing. Several other regions were activated, but these were not specific for temporal discrimination [see Leon and Shadlen (2003) for related single cell findings in parietal cortex).
Relationship to lesion studies
Raised temporal discrimination thresholds have been reported in a variety of focal brain lesions (Lacruz et al., 1991) . Of these, lesion sites in peri-SMA regions are of particular interest because they correspond to areas activated selectively in our temporal discrimination task. Other regions, especially the cerebellum, have been suggested to be involved in temporal processing, supported by duration discrimination studies using positron emission tomography (Jueptner et al., 1995) , and the finding of abnormal performance in duration discrimination tasks in patients with cerebellar lesions (Ivry, 1996) . Our study design illuminated the timing processes in a nonmotor task by presenting identical sets of stimuli with the same motor response but without reliance on a working memory representation. With this design, the cerebellum was not found to be involved in temporal discrimination specifically but showed activation in both temporal and spatial discrimination tasks. These results are in keeping with the idea that the cerebellum supports a more general role in processing of sensory information (Schmahmann and Sherman, 1998; Ohyama et al., 2003) .
Focal lesions in the basal ganglia are also associated with raised temporal discrimination thresholds (Lacruz et al., 1991) . Animal and human studies on the basal ganglia have suggested that the dopaminergic system plays a central timing role (Johnson and Harris-Warrick, 1990; Artieda et al., 1992; Pastor et al., 1992; Gibbon et al., 1997; Harrington et al., 1998; Meck and Benson, 2002; Nenadic et al., 2003) . Patients with Parkinson's disease show increased temporal discrimination thresholds, with normal primary perception of sensory stimuli and normal somatosensory-evoked potentials-recovery curves after paired stimuli . However, in the present study, basal ganglia activation occurred during discrimination, but it was common to both the spatial and temporal tasks.
Thus, our results predict that patients with dysfunctional basal ganglia and cerebellum should not only be impaired in temporal tasks but also in tasks involving spatial judgements (Gao et al., 1996; Weder et al., 1999; Bara-Jimenez et al., 2000; Molloy et al., 2003) . Basal ganglia and cerebellar lesions could exert a more specific effect on timing function by disrupting their input to frontal cortex. Indeed, some models of temporal information processing consider that fronto-subcortical circuits linking the prefrontal cortical areas with the striatum and thalamus have a specific role in temporal processing (Gibbon et al., 1997) . Thus, in line with our hypothesis, abnormal dopaminergic function may affect temporal discrimination by altering basal ganglia input to anterior cingulate and pre-SMA.
In conclusion, most of the areas that have been described previously as important for temporal processing were activated in both of our discrimination tasks. These include the cerebellum, basal ganglia, insulae, and regions of the inferior frontal cortex. However, pre-SMA and anterior cingulate were specifically activated during discrimination of temporal attributes of the somatosensory stimuli. These fronto-medial structures, directly and broadly connected with sensory and motor cortical areas of both hemispheres, as well as subcortical regions, are strategically placed for a pivotal role in temporal processing. 
